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LOW-SPEED WIND-TUNNEL INVESTIGATION OF LATERAL CONTROL
CHARACTERISTICS OF A 60° TRIANGULAR-WING MODEL
HAVING HALF-DELTA TIP CONTROLS

By Byron M. Jequet and M. J. Queijo
SUMMARY

A low-speed investigetion was made in the Langley stabllity tunnel
o determine the latersl comtrol cheracteristics of a 60° triangular-
wing model equipped with helf-delta tip comtrols having areas of 5, 10,
or 15 percent of the wing eres {sum of left- and right-control areas).

The control effectiveness 07'5 and rolling effectiveness g%/& of

tip controls were found to be mich lower then those for constant-chord
controls of epproximstely the seme area. The tip controls lost effec-
tiveness with en increase in eangle of attack much more repidly then did
the constant-chord controls. The control effectiveness and rolling effec-
tiveness of tip comtrols increased in about direct proportion to the
incresse in control area &t low angles of attack. '

The control effectiveness and rolling effectiveness et moderete and
high engles of attack could be improved by deflecting the controls sym~-
metrically (trailing edge up) in conjunction with asymmetricel deflec-
tions. Symmetricel deflections in conjunction with asymmetricel deflec-
tions decreased the adverse yawing moments or made them favoreble.

An evalleble theory could be used with good accuracy to predict the
control ePfectiveness and rolling effectiveness of half-delta tip con-
trols at zero angle of attack.

INTRODUCTION

Several types of controls have been investigated on triengular wings,
but the control aspects of these wings heve not been as extensively inves-
tigeted as have the serodynemic cheracteristics (see, for exemple,
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references 1, 2, and 3). Flap-type comtrols have good effectiveness at
subsonic speeds but inherently heve high hinge moments (references 4
and 5) along with a rapid loss in rolling effectiveness at transonic_
end supersonic speeds (reference 6). Half-delta tip controls permit a
wide choice of hinge location to provide serodynamic balance and have
been found to have good rolling effectiveness at trensonic and low-
supersonic speeds (references 7 and 8).

In order to provide e more ccmpletei und.erétanding of tip controls, B
a research program 1s being conducted in the Langley stability tunnel
to determine the low-speed characteristics of these controls. Investi-

getions have been made with a 60° trienguler wing to. determine the effects

of symmetricel deflection of half-delta tip combrols on the rolling
characteristics of the wing (reference 9) and on the static longitudinsal
stability end control charecteristics of the wing in combina:l:ion with a
fuselage (ref'erence 10). _ :

The present investigation presents the lateral control characteristics
of a 60° triengular-wing model equipped with hslf-delte tip controls
baving areas of 5, 10, and 15 percént of the wing area (sum of left- and
right-control areas). For a few tests, circular end plates were mounted
on the wing adjacent to the inboard end of the 10-percent-area controls.

Although a specific theory for the control. characteristics of tri-

angular wings equipped with tip controls is 1a<;king, the experimental da'l'.'a' '

are compared with the theory of low-aspect-retioc wings of reference 1l
where epplicable.

SIMBOLS

The data presented herein are in the form of s'banda:cd. NACA symbols
and coefficients of forces and moments which are referred to the stebility
system of exes with the origin at the projection of the quarter chord of .
the wing mean eserodynamic chord on the plene of symmetry. The positive
directions of the forces, moments, and engulexr displacements are shown
in figure 1. The symbols and coefficlents used herein are defined as
follows: :

ient L
Cy, 11ft coefficie ( Qﬂw>
Cy_ * leateral-force coefficient (-%;)

Cm . pitching-moment coefflcient (—LF.)
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Cn

2 B H -

It

X
yawing-moment coefficlent [
afyb

rolling-moment coefficient ( )

1ift, pounds

laterel force, pounds
pitching moment, foot~pounds
yawing moment, foot-pounds

rolling moment, foot-pounds

wing aspect ratio <§)

wing span, feet

/e
wing mesn serodynemic chord, feet (an- f c2 59
0

wing local chord measured parallel to plane of symmetry, feet
wing area (including control area), square feet
]

control area (sum of left end right controls), square feet

spanwilise distance measured from asnd perpendicular to plane of
symnetry, feet . .

dynemic pressure, pounds per square foobt ( V2>

free=gtreem veloclty, feet per second
engle of ettack of fuselage center line, degrees
megs Gensity of alr, slugs per cubic foot

symuetricel deflection of left and right control surfaces from
wing-chord plane, degrees

deflection of right control with respect to wing-chord plane,
degrees
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=

total alleron deflection, degrees (53 - atrim)

wing-tip helix angle, radians - : -

2

P rolling angular veloclty, radians pér second

& ¥
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il

\
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A increment in control peremeter ceused by symmebtrical control
deflection &fpim :

APPARATUS, MODELS, AND TESTS

The present investigation was conducted in the 6- by 6-foot test
section of the Langley stebility tunnel with the model mounted on a i .z
single-gtrut support and pivoted ebout the quarter chord of the meen S
aerodynemic chord. The support strut wes attached to a six-~-component o .
balance system. ' -

The model used in the present investigation was a wing-fuselage
combinetion constructed primerily of leminsted mehogeny. The wing had
8 60° sweptback leading edge, an aspect retio of 2.31, a taper ratio
of 0, end NACA 65(06)-006.5 airfoil sections parallel to plene of symmetry.

The sections were modified by fairing straight lines from the TO-percent~

chord line tangent to the trailing-edge radius. The trailing-edge angle

was 80, The fuselage had a circular cross section end a fineness ratio

of T.38 (fuselage ordinates may be obtained from reference 12), Pertinent _
model dimensions are glven in figure 2. . e

4

The wing was equipped with half-delta tip controls having total
areags (sum of left and right) of 5, 10, and 15 ‘percent of the total
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wing area. The hinge line of each control was at the center of the
inboard chord of the control snd wes perpendicular to the plane of sym-

metry. Circular end plates, in the form of 10-inch disks of ']1_'3 ~inch

brass, were used with the 1lO-percent-aree controls. The end pleates were

mounted adjacent to the inboard end of the tip controls with the gep

between the control and end plate sealed for the tests. Photographs of

the wing~fuselage combinstion heving lO-percent-area tip controls with-

out snd with end pletes are presented as figures 3(a) and 3(b), respec- L
tively.

The following teble summarizes the tests of the present investigation:

B¢ BR B8R = Btrim’ o
Bo/Bv | (Geg) (asg) (aeg) (aeg)
0.09 | [ o}-30,-20,-10,0,10,20,30
.10 -10 |-40,-30,-20,-10,0,10,20 '
3 > |-30,-20,-10,0,10,20,30| =4 to 36

.15 -20-50,-%0,-30,-20,-10,0,10

-30 -603'%)"""0)"309"20:"10:0J

e

.15 0]-8,~6,-4,-2,2,4,6,8 -8,-6,-,-2,2,4,6,8 -4 to 12

The symbol &4pim represents a symmetricel deflection of left and right
controls. The tests with the lO-peircent-aree controls were made with and
without end plates. The tests of the 15-percent-area controls at small
deflections were made to determine the linearity of the forces and moments
within the range used to determine the control parameters (10° to -10°).

A1l tests were made at & dynsmic pressure of 39.7 pounds per square
foot, & Mach number of 0.17, end a Reynolds number of 2.06 X 10° (based

on the wing meen serodynsmic chord of 1.T6 feet).
CORRECTIONS

Approximete corrections have been spplied to the angle of attack to
sccount for the effects of the jJet boundaries. The methods of reference 13
were used to determine sn approximate correction for the effects of block-
age on the dynemic pressure. The data have not been corrected for the
effects of the support-strut tares which are believed to be small. To
account for slight model esymmetry, the velues of Cy, Cn, end OCy

for BR = Btyim = 0° have been substracted from the data for other deflec-

tions.
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RESULTS AND DISCUBSION

Preliminary Remarks

The longitudinel control characteristics of the model (obtained
from reference 10) are presented in figure 4 to relete the lateral con- .
trol characteristics of the model to the longitudinal trim conditions.

The basic lateral-control date (varietion of Cy, Cp, end cz

with o) presented in figures 5 to 8 were used. to determine the control
parsmeters CYB’ Cna, and Clb' These parameters are slopes of curves

of the coefficients measured between 8p . 8fpim = #10°. In order to
determine the linearity of the control parsmeters for conmtrol deflections
smaller than those used to determine the slopes (B8R ~ Bgrim = 10°),

the 15-percemt-area controls were deflected in 2° increments between

B8R - Btrim = 18°. These data are presented in figure 9 in addition to
data at other control deflections. Although the curves are nonlinear even
for small control deflections, the slopes obtained by faeiring the curves

between t10° are generally the seme es those falred through B8R = Btrim = O°.

Lateral-Control Effectiveness

Effect of symmetrical control deflection.- The variation of Cyé ’
Cng, 8nd Cyy with angle of ettack for eech model configuration end

several trim conditions is presenmted in figure 10. For a given control .
pize with B4pim = 0°, as the angle of attack 1s increased the values
of CYa and cna become more negative and more positive, respectively.

The lateral-control effectiveness peremeter cla generally decreases

(becomes less negative) with an increase in angle of attack for each of
the control sizes investigsted with a reversal occurring et high angles
of attack. The decreage in effectiveness with an increase in angle of
attaeck can probably be attributed to the tip stall progressing inboard
as the angle of aettack i1s increased.

With respect to Byypip = 0° syme'brical comtrol deflectio_ns

positive and the values of Cna more negative which nesults in a deley

of the adverse yawing moments to higher angles of attack. At low angles
of attack, smsll negatlive symmetricel control deflections generally have
little effect on the control effectiveness Cz&; vhereas large deflections

generally ceuse a large decrease in 015. The _.‘_lr;vestiéation of reference ___.'_LO

am -
-

I

dioul

L: 13
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indicated that helf-delta tip controls had low pitching-moment effec-
tiveness and were effective as e trimming device only if the static

margin at Cp, = O was reduced consideraebly. Thus, 1t eppears that
symmetricel deflections would be used only as & mesnsg of deleying the tip
stall to higher angles of attack. A large increase in control effec-
tiveness can be cbtained in the high angle-~of-gttack range if symmet-

rical negative deflections of ~20° or less are used. Large negative deflec-
tions (Btrim > =-20°) generally do not provide an additional increasse in
control effectiveness at high sngles of attack. The effects of symmet-
rical control deflection on the control characteristics of the 1O-percent-
area controls are shown in figure 11 in the form of ACys, ACng, end ACig.

Effect of control area.- The data of figure 10 for symmetrical con-
trol deflections of 00 emd -20° ere replotted in figure 12 to show the B
effects of control area on the control paremeters Cyg, CnB y &nd CIB

The effects of control area on the control parameters are dependent to

a large extent on the symmetrical control deflection. For &trim = 0°

(21g. 12(a)), increesse in control area causes an increase in control
effectiveness 6515) up to angles of attack of sbout 16° but also increases _

the adverse yawing moments throughout the sngle-of-attack range. The
Increase in control effectiveness 1s approximetely proportional to the
Increase In control area for low angles of attack. Above angles of abteck
of 16° en increase in comtrol area causes a positive increment in Cyg.

With Btpim = -20° (fig. 12(b)), the conbrol effectiveness Cig

Increases wlth an increasse 1n control area up to sngles of abttack of

gbout 32° end the yaswing moments were favorable up to engles of attack

of sbout 16°. At higher engles of attack, the yawing moments were adverse.
Incressing the control area from 5 to 15 percent of the wing area made -
the yawing moments more favoreble at engles of attack below 16° and made e
them more adverse et higher engles of attack. The curves of figure 13 .
show the angles of attack for which the yawlng moment caused by control

deflection was zero. The curves actually are bounderlies of favoreble

and adverse yawing moments. The region below each curve has favorable

yewing moments, wherees the reglon gbove had adverse yawlng moments.

Control eree has little effect on the curves.

The control peremeters Cyg» Cny, &nd Czs of the l5-percent-area

half-delta tip controls are compared with the control paersmeters of 16.3-
percent-area constent-chord controls in figure 1% for Btwim = 0°. The .
constant-chord controls are considerebly better then the half-delta tip

controls from the standpoint of both gresber control effectiveness end

generally smaller adverse yawing moments., The constant-chord controls .
do not lose control effectiveness with an increase in angle of attack .
as rapidly as do the tip controls.
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Effect of end pletes.- The effects of the eddition of circular end
plates adjacent to the inboard end of the lO-percent-area controls on
the control parsmeters depend to some extent on the symmetrical control
deflection end angle of ettack (see figs. 10(b), 10(d), end 12). Gener-
elly the only consistent effect of the end plates was the increase in
the values of CYB and cns at high angles of attack. The end pletes

generally had a detrimentel effect on the control effectiveness through
the angle-of-attack range except for 8&frim = -30° &at high angles of

attack where the end plates increased the control effectiveness. The o

end plates delay the sngle of ettsck for adverse yawing ‘moments to h:l.gher
angles of attack for symmetrical control deflections less than about

-28° (fig. 13).

Rolling Effectliveness.

Effect of symmetrical control deflection.- The rolling effective- _ R

ness parameter %/ 5 was obtained for each control configuration by

use of the control effectiveness data Cis of figure 10 and the damping-
in-roll data (Czp) of reference 9. The effects of symmetrical control

deflection on the rolling effectiveness parameter %/5 are shown in

figure 15. The investigation of reference 9 indicated that the effects
of symmetrical control deflection and control area on the damping in

roll Czp were small,

With Btrim = 0° (fig. 15(a)), the maximm rolling effectiveness
occurs 86 o = 0° with a rapid loss in effectiveness occurring with an
increase in engle of attack. This logs ln rolling effectiveness can be
attributed to the lose in control effectiveness with an increase in
angle of ettack (fig. 10). The primary effect of increasing the symmet-
ricel control. deflection is a reduction in the loss of rolling effec~- ... -
tiveness which occurs with an Increase 1in angle of attack. However,
symmetrical control deflections do not increase the rolling effectlveness
over thet for a = 0° and Btprim = 0°. The constant-chord controls
have greater rolling effectiveness (especially at high angles of atbtack)
than the tip controls (fig. 15(a))

Ingsmuch as symmetrical control deflections improved ‘the rolling
effectiveness at moderate end high angles of attack, figure 16 was pre-

pared to indicate the varistion of 22%/5 with angle of attack when the

controls were deflected symmetrically Iin direct proportion to the a.ngle
of ettack beginning et a = 0°, . .
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The data of figure 16 present the effects of varliations in the
rate of chenge of symmetricel control deflection with angle of attack

é&l-g? on. %P/ﬁ for each of the control sizes investigeted. An increase

3

a_a_'gfﬂ. from O to -0.5 generally causes an increase in rolling

effectiveness throughout the sngle-of-attack renge and delays the rever~
sal that occurs abt moderstely high angles of attack to angles of ettack

above thet for maximm 1ift (ebout e 32°). Vvhen -a%jﬂ'- is equal
and opposite to the engle of abtack -aigfﬂ = =1l.0), an increese in

rolling effectiveness is obtelned throughout the angle-of-sttack range
only for the l5-percent-asree controls (fig. 16(c)).

- Effects of control erea.- The effects of control area on Pz%/ﬁ

ere shown in figure 15 for several symmetricel control deflectlons.
Inssmich as control aree and symmetricel control deflections hed only
small effects on Czp (reference 9), the effects of control area on -P—-E:/B

are very neerly the seme as the effects of control area on Cza. For

example, the deta of figure 16, for i%zgn 0 to =1.0 &t low engles

of attack, show that the rolling effectiveness incresses &bout propor—
tionelly to the increase in comtrol area. At high sngles of attack,

the effects of control ares depend on the value of é%fﬂ.

Camparison of Control  and Rolling Effectiveness with Theory
The dashed curves of figure 17 represent theoretical values
of cZa’ Pa%/B, and Pb:v g«:- for tip controls end were obtained from

reference 11 for « = 0° end Bgpim = 0°. The expression P'béZV g!-_
c

can be considered as an efficlency factor since its use ensbles compari-
son on the seme basis. As previously noted, the values of C1g and -

b
g—v-/B increased with an incnease in control aree at low angles of atteack.

The wvalues of 07'8 -and z—:/ﬁ obtained from reference 11 ere in very
good egreement with the experimentel values for %cw- = 0.05. As the con~

trol area 1s increased, the theory temnds to underestimste the effects of

control area. -I
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In terms of —baLa— a"’, the 5—percent-area tip controls are almost -

as efficlent as the 16. 3—percent-a.rea constant-chord controls. The
efficiency of the tip controls decreases with an increase in control
srea which is also indiceted by the theory of reference 1ll.

CONCLUBIONS

L ]

The results of & low-speed investigation made in the Lengley sta-
bility tunnel to determine the lateral control.characteristics of a
60° trianguler-wing model having half-delta tip controls have indica‘bed
the following conclusions:

1. The control effectlveness 07’8 snd rolling effectiveness E_VE/B

. of half-delta tip controls were much lower than those for constant-chord
controls of spproximetely the same area., The tip controls also lost
effectiveness much more raplidly with an increase in engle of attack then
did the constant-chord controls,

2. The control effectiveness end rolling effectiveness of tip con~
trols increased in about direct proportion to the increasse in control

area at low angles of attack. — . -

3. The control effectiveness and rolling effectiveness at moderate
and high angles of attack could be improved by deflecting the controls
symmetrically (trailing edge up) in conjunction with esymetrical deflec-
tions. Bymmetrical deflections in conjunction with asymmetrical deflec-
tions decreased or made favorsble the adverse yewing moments.

4. An available theory could be used with good accuiecy to predict

the control effectiveness and rolling effectiveness &t zero angle of
attack.

Langley Aeronautical Leborestory
National Advisory Committee for Aeronautics
. Lengley Field, Va. :
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Relative wind

Control-
chord plane

Wiing-chord plane

~ET

View A-A4

Figure 1.~ Stabllity system of axes. Arrows indicate positive direction
of forces, moments, and angular displacements. Note exception for =8ipip.
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Fig-ure 2.~ Sketch of the model used in the imvestigation, (All dimensions
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(a) Without end plates. 1-68797

(b) With 10-inch diameter end plates. L-671430

Figure 3.- Model without and with end plates mounted in 6~ by 6~foot test
section of Langley stability tunnel. gc = 0,10,
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60° triangular-wing model having half-delta tip controls. Data
obtained from reference 10.
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